The objective of this study was to estimate genetic parameters for the body weights of Turkish Holstein bulls using the random regression model. The data set consists of 1475 body weight records from 395 Holstein bulls raised in the same herd. Body weight records of bulls aged between 32 and 725 days old were collected at approximately two-month intervals from December 2013 to October 2014. In the study body weight measurements made on the same day were accepted as a group and the bulls were grouped into 10 different groups according to their age. The additive genetic and permanent environmental effects were estimated using DFREML algorithm by third order Legendre polynomials. The additive genetic variance estimates ranged from 10.73 to 4867.07, the phenotypic variance estimates ranged from 382.84 to 5514.86 and permanent environmental variance estimates ranged from 0.33 to 63.27. The heritability values were estimated between 0.03 to 0.90. The phenotypic and additive genetic correlations between body weights were positively estimated between 0.085 to 0.89 and 0.53 to 0.94, respectively. It was concluded that use of body weight at an earlier age will give advantage in breeding studies for body weight at slaughter.
Introduction
Approximately 21% of world meat production is obtained from cattle while this rate exceeds 32% for red meat . Even though the breeds and systems used for cattle meat production differs from each other, the basic logic is to use breeds with high growth capacity and/or rate and to grow animals at as low cost as possible. Even if the animals are from the same breed, due to diversity in climate and herd management, growth and efficiency may differ according to the regions (Ferraz & Eler 2010) .
There are various researches on the weights and growth rates of cattlefrom different ages and regions of the world. In these researches, the data from the meat-oriented breeds, like Nellore, Angus or Hereford, are used as material (Albuquerque & Meyer 2001; Arango et al 2004; Bohmanova et al 2005; Menéndez-Buxadera et al 2008; Baldi et al 2012; Martinez et al 2012) . In Turkey, there are not many animals from breeds listed above. Almost half of the cattle presence of Turkey consists of Holstein or its crosses. Cattle meat is generally obtained through fattening of male animals at dairy farms that have breeds like Holstein, Simmental and Brown Swiss that are considered to be efficient in both milk and meat purposes. Additionally, in terms of average carcass weight, Turkey is far behind the EU and USA. Recently, the average carcass weight has increased to 250 kg depending on imports. In some countries such as USA, UK, Germany, France, this amount reaches 300-350 kg ). In addition, cattle fattening in Turkey is mostly done in a closed farming style and the range lands-based farming is limited and therefore the costs are high. Furthermore, imports are frequently discussed to both meet the domestic market demand and reduce the meat prices. However, the projections of the Ministry of Food, Agriculture and Livestock have shown that in order to meet the increasing demand, Turkey's cattle meat production, which was 882 thousand tonnes in 2014, should be increased by almost 50% in 10 years and one of the solution ideas was the development of policies towards the breeding of multi-purpose breeds (Anonymous 2015) .
On the other hand, genetic breeding studies for the improvement of efficiency of the animals used in Turkey for meat production are highly inadequate. Whereas around the world; weights and weight gains at specific ages or during specific periods are commonly applied as selection criteria in most beef cattle breeding programs, since these traits show moderate to high genetic correlations with carcass weight, are easy to measure, and respond to selection (Razook et al 2001; Baldi et al 2012) . Parkkonen et al (2000) reported that, the heritability estimates for slaughter weight were estimated between 0.07 and 0.10. Genetic correlations between slaughter weight and fleshiness were estimated to be 0.38 for males and 0.65 for females. In another study, heritabilities for body weights, carcass weights and carcass fleshiness were estimated 0.17 to 0.22, while genetic correlations between them ranged from 0.54 to 0.78 (Liinamo & Van Arendonk 1999) .
Growth can be defined as a measurement sequence that changes gradually until reaching a plateau. The measurements at any points on this line have a correlation with each other because of collecting them from same individual. The similarities among measurements increase as interval of time goes closer, but decrease as interval of time increases. When the relationship between the measurements during the growth period of cattle are taken into consideration, genetic parameter and breeding value estimations will become much more reliable and as a result, the precision level will increase in selection. Random regression models are the test day models that consider the change in variance components throughout the growth period (Jaffrezic et al 2002; Schenkel et al 2002; Nephawe et al 2006; Menéndez-Buxadera et al 2008; Silva et al 2013) .
As mentioned above, there is a gap in the genetic breeding studies of Turkey for the utilization of the live weight of the animals used for meat production and for the increase of efficiency. This research estimates the (co) variance components, genetic parameters for the live weight of male Holstein, using a random regression model. This way, the aim is to both draw attention to the subject and provide leadership for more extensive studies that will be conducted in this field.
Material and Methods
A total of 1475 live weight records taken between December 2013 and October 2014 from 395 male Holstein raised at the same farm, located in the south of Turkey (latitude 37°8′ north and longitude 30°39′ east), were used for the research. This region is characterized by a warm and temperate climate, with average annual temperature and rainfall of 19 °C and 1009 mm, respectively. The numbers of animals, records and subgroups included in the analysis are given in Table 1 . Live weight records were taken in approximately two-month intervals from male cattle at the age of 32 to 725 days. The records used in the research were categorized in 10 different stages according to age groups and the descriptive statistics of the terms are given in Table 2 . The live weight measurements conducted on the same day at the farm were considered a group in the research while the data shown below have been analyzed through the random regression model. (Co) variances of random regression coefficients and heritability values were estimated by REML using the DXMRR subroutine of the DFREML software package, version 3.0 β (Meyer 1998) . Estimates were obtained by using AI-REML algorithm, thereby avoiding problems with "derivative-free" possible local max estimates.Third order Legendre polynomials were used to define the (co)variance structure between the observations of the same individual. The general model can be presented as follows:
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Results and Discussion
The additive genetic, permanent environmental and phenotypic variances and the heritability estimations are given in Figure 1 . It has been determined that additive genetic variance increases rapidly with advanced age and even though it was 10.73 in the first stage, it has reached 4867.07 in the 10 th stage. Phenotypic variance estimations have also shown the same tendency as the additive genetic variances; while it was 382.84 in the first stage, it was estimated to be 5514.86 in the last stage. Course of the additive genetic variances have shown similarities with the studies of Albuquerque & Meyer (2001) , Nobre et al (2003) , Lopes et al (2012) and Silva et al (2013) on the Nellore cattle. In Silva et al (2013), phenotypic variances have shown a faster increase than additive genetic variances. In Arango et al (2004) research on the live weight of Angus and Hereford cattle, it has been determined that additive genetic variance slowly increases with advancing age. In the aforementioned research, there aren't any reports of an increase in phenotypic variances for the first two years.
On the other hand, in this research, the permanent environmental variances for the first stage and 9 th stage live weight were estimated to be respectively 0.33 and 63.27. Permanent environmental variance for the 5 th stage live weight was estimated to be the highest with 496.82. Even though permanent environmental variance estimations have a tendency to decrease with advancing age, it has been determined that permanent environmental variances have a much more constant structure than additive genetic and phenotypic variance (Figure 3) . Silva et al (2013) has reported that there is some increase in permanent environmental variances especially after one year of age, but it has been identified that this increase is not as much as the increase in other variances. Valente et al (2008) and Lopes et al (2012) have reached the conclusion that the permanent environmental variance estimations increase with the age.
In our research, major differences have been identified between the heritability estimations obtained for the live weight from different age terms. Heritability was estimated to be 0.03 for the 1 st stage live weight that consists of the first two months after birth, while it ranged between 0.33 (2 nd stage) and 0.90 (9 th stage) for other stages. These changes in heritability are thought to be the result of the increase in additive genetic and phenotypic variance estimations for live weight with advancing age, the fact that the change in permanent environmental variance is almost none existent and that the model has the assumption of the existence of a constant error variance. Similar with this research, the previous research on the topic report that the heritability estimations increase with age (Albuquerque & Meyer 2001; Nobre et al 2003; Silva et al 2013) . In addition to these researches, there is also researchwhich report that heritability estimations have tendency to decrease or fluctuate with increased age (Arango et al 2004; Valente et al 2008; Baldi et al 2012; Lopes et al 2012) .
The additive genetic covariance estimations between the stages have increased with increased age. Additive genetic variance-covariance matrix is presented in Figure 2 as three-dimensional graph. Estimations of additive genetic correlations can be seen in Figure 3 . General status of the phenotypic variance-covariance estimations is similar with those of the additive genetics. As seen in Figure 4 , there are no sharp transitions between the variances and covariance values on the diagonal. This case is the result of the fact that environmental factors from the term don't play an important role in the variation. In phenotypic correlation estimations, the lowest value has been obtained as 0.09 (between 1 st and 2 nd stages) while the highest value was obtained as 0.890 (between 9 th and 10 th stages). Compared to this research, Martinez et al (2012) has reported higher phenotypic correlation estimates for the live weight at advanced ages.
At the end of the analysis, it can be seen that the additive genetic correlations between live weights are higher than phenotypic correlations ( Figure  3 and Figure 5 ). The additive genetic correlations have shown a tendency to be high as expected when close to each other while they decreased with the increase in the distance between the stages. The lowest estimation for additive genetic correlations has been observed as 0.53 (between 2 nd and 10 th stages). While the 7 th stage has become the age group with the highest correlation amongst the other stages, with 0.94; the age group with the lowest has become the 10 th stage with 0.75.
High and positive genetic correlation estimates indicate the fact that most of the genes that cause higher live weight in those ages are the same. High level of additive genetic correlations between different age groups can also be interpreted as the fact that early period weight can be used for studies of live weight at slaughter age (Boligon et al 2010) . The values reported in the research based on the simulation of Bohmanova et al (2005) and the research conducted by Martinez et al (2012) using different breeds, have also similarly varied between 0.50-1.00. While the additive genetic correlations between the birth weight and live weight in advanced ages were low in Silva et al (2013) research, the values between other age groups have been observed to be high. Nobre et al (2003) and Valente et al (2008) have indicated that the correlations between 1 year of age and older are high.
Conclusions
This research has estimated parameters for live weight of stock materials raised in Turkey, using a random regression model. In conclusion, it has been observed that the change of variances of live weight at the age of 1-24 months can be adequately defined by using random regression model that contains Legendre polynomials, and as a result, it is possible to take advantages of the random regression models. However, low number of records per animal may cause low level of effectiveness for the random regression models. More research on the use of random regression models about growth is required in order to make sure that numerical problems and/ or wrong parameters do not reduce the effectiveness of breeding studies. It has been concluded that younger live weight can be used for the breeding studies of live weight at slaughter age. At the end of the analysis, it can be seen that the additive genetic correlations between live weights are higher than phenotypic correlations (Figure 3 and Figure 5 ). The additive genetic correlations have shown a tendency to be high as expected when close to each other while they decreased with the increase in the distance between the stages. The lowest estimation for additive genetic correlations has been observed as 0.53 (between 2 nd and 10 th stages). While the 7 th stage has become the age group with the highest correlation amongst the other stages, with 0.94; the age group with the lowest has become the 10 th stage with 0.75. Stages Stages 5.000-6.000 4.000-5.000 3.000-4.000 2.000-3.000 1.000-2.000 0-1.000
Figure 4-Phenotypic covariance estimations between stages
Figure 5-Phenotypic correlation estimations between stages
